Abstract -The intluence of the addition of Streptococcus thermophilus as adjunct to the mesophilic starter on chemical, texturai and sensory characteristics of a semi-hard cows' milk cheese was studied.
flavour intensity were observed by Broome et al. [6] and improved flavour quality by Trépanier et al. [22, 23] According to Muir et al. [15] interactive effects between starter and lactobacilli adjuncts determined secondary aspects of sensory characteristics of Cheddar cheese. In chee se made from milk to which Bacillus subtilis neutral proteinase (BSNP) was added to induce flavour formation, the use of L. plantarum ESI 144 as adjunct starter gave rise to lower levels of hydrophobie peptides and lower bittemess scores [11] .
Streptococcus thermophilus is generally used in combination with other thermophilie lactic acid bacteria in dairy products manufactured at high scald or incubation temperatures. However, commercial blends of S. thermophilus and Lactococcus lactis have been employed in Cheddar cheese manufacture, with technological and commercial advantages such as reduction in cell biomass, bacteriophage durability and cheese flavour profiles [19] . S. thermophilus possesses a number of peptidases with different specificities, sharing numerous activities with L. lactis [18] .
The objective of the present work was to evaluate the effect of a commercial S. thermophilus culture added as adjunct to the mesophilic starter on the chemical, rheological and sensory characteristics of a semihard cows' milk cheese. Its influence on the
INTRODUCTION
Breakdown of caseins to peptides and amino acids during cheese making and ripening plays a major role in the development of cheese flavour. These changes are due to proteolytic and peptidolytic activities of starter lactic acid bacteria, rennet, plasmin and non-starter bacteria from adventitious contamination of cheese.
Addition of food grade proteinases to milk has shown to increase cheese flavour intensity. However, defects such as bitterness have been noted frequently. Bittemess has been attributed to the formation and accumulation of bitter peptides from the hydrophobie fragments of caseins. Peptidases from sorne strains of lactic acid bacteria can degrade bitter peptides [21, 25] . In bitter enzyme modified chee se slurries, Park et al. [16] demonstrated the hydrolysis of two hydrophobie peptides released from <X s1 -and p-casein by crude enzyme extracts of Lactobacillus casei subsp. casei with active aminopeptidase and proline-specific peptidases.
Enhancement of peptidolysis by attenuated cultures of lactobacilli and decreased bittemess was observed in Gouda cheese by Bartels et al. [3, 4] . Curds were eut into 6-to 8-mm cubes and scalded at 37 "C for 15 min. In each of the two experiments, four cheeses per vat were obtained, which were pressed for 4 h at 30 "C followed by 14 h at 20 "C, salted at 12 "C for 24 h in 15% NaCI brine and ripened at 12 "C for 60 d.
Chemical analysis
Chee se pH (in duplicate) and dry matter (in triplicate) were determined as previously described [17] . Homogenates were prepared from representative 20 g cheese samples, and amounts of N soluble at pH 4.6, in 12% TCA and in 1% PT A were detennined in duplicate as previously described [10] . Soluble N fractions were expressed as percentages of total N. Residual casein fractions were detennined in duplicate by PAGE and expressed as the percentage of the total amount of the respective casein fraction initially present in milk [17] . Water soluble fractions of 503 cheese were prepared according to Aston and Creamer [2] . Hydrophobie and hydrophilic peptides in the water soluble fraction were determined in duplicate by reverse-phase HPLC as described by Lau et al. [13] 
Sensory evaluation
Flavour quality, flavour intensity and chee se bitterness were evaluated by 13 trained panelIists after 30 and 60 d of ripening on a 10-point scale as previously described [9] .
Statistical treatment of results
Factorial analyses of variance were performed on data obtained from cheeses without BSNP, with addition of S. thermophi/us, age of chee se and experiment (day of manufacture) as main effects, by using program BMDP8V (Department of Biomathematies, UCLA, Los Angeles, CA, USA). Means of cheeses with and without thermophilic culture were compared using the least significant difference test at P = 0.05 [20] . A similar statistieal treatment was perfonned on data from chee ses with BSNP.
RESULTS
Age of cheese had a highly significant effect on all characteristics investigated, with the only exceptions of rheology in cheeses made with BSNP and bittemess in cheeses made with or without BSNP.
Cheese pH and dry matter
In cheeses made without BSNP, pH (table 1) was significantly (P < 0.001) higher throughout the ripening period if the thermophilic adjunct was added to milk. The addition of BSNP did not affect chee se pH. In chee ses made with BSNP, higher pH values were also detected in presence of the thermophilic adjunct.
In chee ses without BSNP, dry matter values (table 1) during ripening were significantly (P < 0.001) lower in chee se made with the thermophilic culture. The addition of BSNP increased cheese dry matter. In cheeses made with BSNP, dry matter values were significantly (P < 0.001) higher throughout the ripening period if the thermophilie adjunct was added to milk.
Casein hydrolysis
The addition of S. thermophilus as adjunct significantly (P < 0.001) enhanced lXs1-caseindegradation (table II) in cheeses without BSNP, whereas~-casein degradation was not affected. Addition of BSNP to rnilk increased lX s1 -and~-casein degradation. In BSNP cheeses, lXs1-casein(P < 0.05) and~-casein (P < 0.001) were hydrolysed to a higher extent in presence of the thermophilic adjunct, with lower levels of the resi- 
Hydrophobie and hydrophilic peptides
In cheeses made without BSNP, the amount of hydrophobie and hydrophilie peptides determined at 214 nm and 280 nm (tables IV and V) was lower (P < 0.001) when thermophilic adjunct was added. Addi- tion of BSNP to milk increased the level of hydrophobie and hydrophilie peptides at 214 nm and 280 nm. In eheeses made with BSNP, significantly (P < 0.001) higher leve1s of hydrophobie and hydrophilie peptides were deteeted at both wave1engths if the thermophi1ic adjunet was added to milk (tables IV and \1).
Texturai characteristics
The addition of thermophilie adjunet in eheeses without BSNP 1ed to a deerease of the three rheologieal parameters studied (table VI) . Apparent elastie modulus, breaking force and hardness were lower (P < 0.001) in eheeses with S. thennophilus as adjunet at 30 and 60 d of ripening. The addition of BSNP a1so produeed softening in eheese texture. However, in eheeses with BSNP the addition of S. thermophilus did not affect rheologieal eharaeteristics (table VI).
3.6•.Sensory characteristics
Flavour quality, flavour intensity and bittemess in eheeses without BSNP were not affeeted by thermophilie adjunet (table VII) . The addition of BSNP reduced flavour qua- lit y, whereas flavour intensity and bitterness were enhanced. In BSNP cheeses, inoculation with S. thermophi/us as adjunct resulted in the improvement of flavour quality (P < 0.01) whereas flavour intensity was not affected. Cheese bittemess was significantly (P < 0.01) reduced by the addition of the adjunct culture (table VII).
DISCUSSION
In Cheddar cheesemaking with blends of mesophilic and S. thermophi/us cultures, mesophilic cultures begin the acidification process, whereas S. thennophilus participate at the late stages of acid production. At mesophilic cheesemaking temperatures (32-33 "C) S. thermophilus does not offer any increase in acid producing activity over the mesophilic component. Initial acidities are low with reduced whey expulsion, giving rise to cheeses with high moisture [19] . In the present work, milk inoculation with the thermophilic adjunct was responsible for higher pH values and lower dry matter level, in chee ses made without BSNP. S. thermophi/us may compete with the mesophilic starter for essential nutrients present in milk, retarding the acidification of the curd, as already shown by Stanley [19] . In cheeses made with BSNP, acidification was also slower when the thermophilic adjunct was added. The higher pH would enhance the activity of BSNP, thus favouring whey expulsion and increasing chee se dry matter. A significantly higher dry matter was recorded for Manchego cheese made from milk to which encapsulated BSNP had been added [17] .
Breakdown of caseins in Feta cheese elaborated with S. thennophilus as adjunct starter was more extensive than in control cheese although the proteolytic pattern was similar to the control [24] . Similarly, when the thermophilic adjunct was added to our BSNP cheeses the hydrolysis of o. sl -and -casein was significantly increased, probably due to an additive effect. The higher pH of cheese made with S. thermophilus would also favour the activity of most of the proteolytic enzymes, especially of BSNP, present in chee se throughout ripening.
In Feta cheese manufactured with heatshocked S. thermophilus, TCA soluble N and PTA soluble N values were significantly increased. However, Bartels et al. [3] did not detect enhancement ofTCA soluble N or PT A soluble N formation in Gouda cheese elaborated with a heat-shocked culture of S. thennophilus as adjunct to the lactic starter. Our results show a different pattern for N soluble at pH 4.6 and in PTA, with higher levels at the end of ripëning in cheeses made with the thermophilic adjunct, from that of N soluble in TCA, with slightly lower levels at 60 d in the presence of the thermophilic adjunct. The N soluble in TCA served as substrate for S. thennophilus proteolytic system, which action resulted in high levels of N soluble in PT A.
In cheeses without BSNP, the lower levels of dry matter and residual o.s1-casein [8] . In cheeses with BSNP, the use of S. thermophilus as adjunct did not affect the rheological characteristics, probably because the higher level of dt)' matter in these cheeses counteracted the enhanced proteolysis.
No significant differences were detected in sensory characteristics of cheeses made without BSNP between cheeses elaborated with and without S. thermophilus. However, addition of the thermophilic adjunct in cheeses made with BSNP significantly improved flavour quality. Heat-shocked cultures of S. thermophilus and L. bulgaricus 'added as adjuncts gave rise to Feta cheeses with higher flavour, body and texture scores, cultures contributing to flavour more than neutral or acid proteinases [24] . On the contrat)', S. thermophilus as adjunct had a negative effect on flavour quality of Gouda cheese, with higher bittemess scores in experimental chee se than in control chee se [3] .
Cheese slurries treated with BSNP showed an increase in the number and height of HPLC peaks which was related to the appearance of bittemess [7] . In the present work, levels of hydrophobie peptides and bitterness scores in cheeses with BSNP were lower than those previously observed in semi-hard cows' milk cheese made with lactobacilli adjunct [II] . As previously reported [12] , the level of hydrophobie peptides in the water soluble fraction determined by reverse-phase HPLC was a reliable indicator of bitter defect in semi-hard cheese made from pasteurized milk. Differences in technology employed in this work, with a higher pressing temperature to favour the growth of the thermophilic culture during the first hours, could result in a less intense development of bittemess or even in an increase of the threshold level required by the tasting panel to detect this defect in cheese. Another fact that might influence bittemess detection is the high level of PT A soluble N (small peptides and amino acids) found in cheese with BSNP and S. thermophilus (table Ill) that could mask the presence of undesirable bitter compounds. S. thermophilus Iysis throughout ripening in cheeses with BSNP cou Id lead to a higher peptidasic activity producing a more intense degradation of peptides. Differences in PTA soluble N between BSNP cheeses with or without thermophilic adjunct tended to increase as ripening proceeded, with higher differences in this nitrogen fraction after 60 d of ripening.
Small peptides and amino acids in the water soluble fraction of Cheddar cheese are the major contributors to cheese flavour [2] . Bouton et al. [5] showed the negative correlation found in Comté cheese between bittemess and the ratio PTA soluble N/water soluble nitrogen. Ardô and Petterson [1] reported increased hydrolysis of casein and enhanced bitterness in cheese made with BSNP. Bitter taste was eliminated by the simultaneous addition of a heat-treated culture of L. helveticus.
According to Rul and Monnet [18] , the peptidase equipment of S. thermophilus wou Id be implied in the development of cheese flavour. Thirteen different peptidases were found in a strain of S. thermophilus with biochemical homologies with L. lactis peptidases.
The use of S. thermophilus in the present work as adjunct culture for the manufacture of a semi-hard cheese resulted in enhanced OEsl-casein degradation and a softer texture, which may be desirable in sorne varieties. Appearance of bitter flavour because of abnormal cheese proteolysis may be prevented by the use of S. thermophilus as adjunct to the mesophilic starter. The enhanced formation of 10w molecular weight nitrogen compounds by S. thermophilus would mask the presence of bitter hydrophobie peptides by rising their detection threshold.
